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The purpose of this study was to examine if individuals could adapt to varying 
latency in a head-mounted display (HMD) through repeated exposure. Simulator sickness 
has been a pervasive problem as HMDs grow in popularity. Recent work by Kinsella 
(2018) showed that people can adapt to latency in an HMD, but it remained unknown if 
they can adapt to latency that varies in frequency and amplitude. Following 
recommendations in the literature, participants experienced three exposures separated by 
48 hours of either constant or variable latency. The three sessions were the same length, 
with participants performing the same task, separated by 48 hours. Thirty participants met 
the inclusion criteria and completed a target shooting task via a camera feed to the HMD, 
designed to challenge the visual-vestibular interaction. The target shooting task was also 
used to assess performance in terms of accuracy and time-to-hit targets. It was 
hypothesized that participants would adapt to constant, but not varying latency indicated 
by decreasing sickness over time.  Further it was hypothesized that participants would 
show improvement in psychomotor performance over time for both conditions. 
Participants showed a reduction in sickness with each session regardless of latency 
condition. A similar trend was shown with performance- where all participants improved 
with each session, but there was not an effect of the latency condition. Change in sickness 
and change in performance were not correlated, suggesting that the two were happening 
independently. Overall participants showed high sickness scores even after session 3, 
suggesting they might be showing some desensitization to the stimulus, but not showing 
sensory adaptation. The overall implication of these findings are that people will show 
reduction in sickness, but no alleviation with repeated HMD wear while completing a 
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task. Additionally, regardless of these sickness symptoms, they will likely show  
improvement in performance suggesting a separation of these two systems. This has 
implications for virtual reality based training and assessments, suggesting that people 
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The purpose of this study was to examine whether individuals could adapt to 
varying latency in a head-mounted display (HMD) through repeated exposures. Virtual 
reality (VR) devices have now existed for decades for specialized applications.  Recently, 
their potential as immersive tools has grown, as their cost has dropped dramatically. 
These devices provide sensory information to the user that makes one feel as though they 
are immersed in a new environment (Carr, 1995). Space exploration, military, healthcare, 
education, and manufacturing have invested heavily in these devices as a means to 
preview their products, and train their employees in a low-risk environment (Moody, 
Waterworth, McCarthy, Harley, & Smallwood, 2007; Webel et al., 2013; Pallavicini et 
al., 2016).  
It is important to understand the limitations of these devices as they gain in 
popularity. Knowledge of how aspects of a system may impact the user, and how 
performance of a task can be affected, is valuable for both experimenters and industry 
professionals trying to decide whether to pursue a VR-based application. While these 
devices can be valuable tools, simulator sickness poses a large problem for users of these 
devices. Sickness can harm performance and reduce retention of training (Kolasinski, 
1995). Very little research has examined adaptation to HMD exposure. Therefore, it is 
important to investigate the possibility and time course of adaptation, as well as how 
performance may be affected.  
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Latency 
 System latency is the delay between a sensed action (e.g., a head-movement) and 
the resultant response of the system to that action (e.g., an update to the visual display) 
(Wu, Dong, & Hoover, 2013).  Latency continues to be a challenge in HMDs because as 
computational processing power gets faster and adds capacity, working to decrease 
latency, the system components simultaneously become more demanding of power and 
capacity, such as bigger and clearer displays, which increases latency (Hettinger and 
Riccio, 1992). Hence, it is likely that latency in complex computer systems will remain 
inherent. Each of the components in a system operates using their own clocks, in a 
system like an HMD this means the orientation sensor, displays, and camera recording 
the image all have their own time keeping mechanism (Wu et al., 2013). These different 
clocks can be out of synchronization, which can lead to high frequency oscillations that 
are beyond the interest of the current work. However, sensor error and sensor drift have 
been found to cause low frequency oscillations. These low frequency variations are the 
ones of interest in the current work.  
 Characteristics of Latency.  In research by Wu and colleagues, it was observed 
that the latency observed in these systems was not a consistent delay (2013). They fit a 
sinusoidal curve to the latency, indicating it fluctuated over time. The change in latency 
observed was due to different frequencies and magnitudes of sensor error. The HMD 
error recorded by Wu and colleagues was a frequency between 0.5-1.0 Hz and a 
magnitude of 20-100 ms. The range of frequency found is similar to that found in other 
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motion sickening environments, such as the motion of ocean waves and vehicles 
(O’Hanlon & McCauley, 1974; Golding, Mueller, & Gresty, 2001).  
 
Simulator Sickness 
 Simulator sickness is a type of motion sickness resulting from exposure to a 
virtual environment. The key difference between simulator sickness and motion sickness 
is that simulator sickness does not require the participant to be experiencing real motion. 
As stated by Reason and Brand, sickness will persist so long as humans continue to 
develop passive movement technology and simulate motion (1975). Both motion and 
simulator sickness show symptoms from fatigue, disorientation, and dizziness to more 
severe symptoms such as nausea and vomiting (McCauley & Sharkey, 1992). Motion 
sickness in HMDs is concerning because symptoms can impair functioning in a work or 
educational environment. The rate of recovery from motion sickness also varies across 
experience and the individual (Lackner, 2014). In a study by Muth (2009), participants 
showed cognitive aftereffects (grammatical reasoning, mathematical processing, and 
motor skills with two-hand tapping) up to 24 hours after exposure to a simulator with 
uncoupled motion. Given the appropriate stimulus, and length of exposure, nearly 
everyone is susceptible to motion sickness (Reason & Brand, 1975). 
 Simulator sickness was first identified in flight simulators in the 1990s and is still 
prevalent in these devices. There has been conflicting evidence regarding the rate of 
sickness amongst simulator users. Kennedy and colleagues (1989) showed 10-60 percent 
of people reported simulator sickness in their research, but emesis was rare. Lawson 
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(2014) found that somewhere between 61 and 80 percent of participants felt some level of 
simulator sickness while doing an experiment involving a virtual environment. 
Regardless of the exact rate, it is clear that sickness occurs in a large percentage of the 
population, and is pervasive in simulated environments.  
 There are some common characteristics of stimuli that incite motion sickness. The 
vestibular system has to be perturbed for someone to get sick (Reason & Brand, 1975; 
Reason, 1978). This has been established by studying patients with vestibular 
impairments as well as temporary inhibition of the vestibular system (Reason & Brand, 
1975). The sickening stimulus must also convey some type of acceleration, which is 
shown with all types of passive motion/transport. The motion can be linear or angular in 
nature, but real or apparent motion has to be imposed on the participant. Lastly, there 
should also be some sort of sensory rearrangement happening, meaning that the 
information that comes into one sensory system must be incompatible with another. The 
stimulus can be any combination of visual or proprioceptive and the vestibular system 
(Reason & Brand, 1975) and is referred to as sensory conflict. In summary, motion 
sickness can be observed in individuals with an intact vestibular system, when 
experiencing some sense of motion, and when two sensory systems are detecting 
incompatible environmental cues.  
 Research involving simulator sickness in HMDs has focused on the visual-
vestibular conflict created by head movements along the vertical axis (turning head left or 
right). Other studies have also found this head rotation (categorized as yaw rotation) is 
particularly sickening in visual-vestibular conflicts (Nooij, Pretto, Oberfeld, Hecht, & 
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Bulthoff, 2017). The latency between the head movement and the updated image in these 
systems has been shown to match that of real motion oscillations that are sickening 
(O’Hanlon & McCauley, 1974; St. Pierre et al., 2015). It can be deduced that the adverse 
effects of HMDs are motion sickness-related because the oscillations produced by such 
systems match those known to cause motion sickness in real-world environments.  
 Like these other sickening environments, characteristics of latency—such as 
frequency, amplitude, and their interactions—have been studied to examine what 
combinations are the most nauseogenic. As stated above, Wu and colleagues (2013) 
found that head tracker error produces variations in latency around a frequency range of 
0.5-1.0 Hz, a frequency range similar to that known to cause motion sickness symptoms 
in other settings (0.2 Hz), such as motion platforms and boats (Duh, Parker, Philips, & 
Furness, 2004; Golding, 2006).  
 St. Pierre and colleagues investigated different patterns of latency and their 
impacts on sickness (2015). In St. Pierre’s study, researchers manipulated the frequency- 
to either be 0 Hz or 0.2 Hz, as well as studying fixed versus varying amplitudes. He had 
two major findings from that study- 0.2 Hz frequency produced greater sickness than the 
0 Hz and varying amplitude (20-100 ms) elicited more sickness than that of a fixed 100 
ms amplitude.  
 To extend the work by St. Pierre et al (2015), Kinsella et al (2016) examined a 
higher frequency as well. Based on Wu and colleagues (2013) study that showed head-
tracked HMD sensor drift in the range of 0.5-1.0 Hz and 20-100 ms, Kinsella et al (2016) 
used the following four conditions: 1) fixed amplitude, 0.2 Hz frequency, 2) fixed 
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amplitude, 1.0 Hz frequency, 3) varying amplitude, 0.2 Hz, 4) varying amplitude, 1.0 Hz; 
to try to  investigate the independent effects of frequency and amplitude and their 
interaction. The 0.2 Hz rate is hypothesized to be the rate at which the spatial orientation 
frame of reference can be detected from external to internal systems (Golding 2006). 
Kinsella and colleagues (2016) result showed an increased rate of sickness when stimuli 
vary around the 0.2 Hz rate as opposed to the 1.0 Hz rate or 0 Hz as shown by St. Pierre 
et al (2015). Further, in Kinsella’s (2016) study, 0.2 Hz latency yielded more sickness 
and more withdrawals than the 1.0 Hz rate. This finding was accordance with Hettinger 
and colleagues who found that visual or physical oscillations with a range of 0.2-0.25 Hz 
are the most nauseogenic (Hettinger, Berbaum, Kennedy, Dunlap, & Nolan, 1990). It 
remains unknown how repeated exposure to this type of stimulus may impact adaptation 
and task performance.  
 
Adaptation 
 A body of motion sickness adaptation research exists using such stimuli as 
optokinetic drums, flight simulators, ships, rotating rooms, and space environments, but 
HMDs have been less of a focus. Rock (1966, pg. 1) describes adaptation as a “change in 
the direction of normal perception” after a perturbation. Adaptation comes from learning 
to effectively cope with a new environment. Adaptation is believed to be possible as 
sensory rearrangement happens in response to a conflict. Von Holst and Mittelstadt 
(1950; von Holst, 1954) described the rearrangement through their “sensory reafference 
hypothesis.” The sensory reafference hypothesis postulates that when a movement is 
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made, a copy of the movement is stored in the central nervous system. That “reafference” 
is sensory stimulation that results from movement and the associated neural excitations. 
With reafference, adaptation is possible due to the plasticity of the human neural 
network. Instead of constantly fighting conflicting perceptual information, the nervous 
system adjusts to account for the new set of signals. Once the perceiver feels as though 
they are back in the normal environment (while still exposed to a perturbation), they are 
demonstrating adaptation (Rock, 1966).  
 One of the seminal researchers in perceptual adaptation was Welch (1978). 
Welch’s studies involved people wearing prism goggles for long periods of time and 
observing points where they exhibited behavior change. These studies involved 
participants wearing the goggles all day for several days or even weeks to facilitate total 
perceptual rearrangement to accommodate for the different information they were 
perceiving by a visual field shift from the goggles. As these studies progressed, Welch 
found that continuous exposure was important. He also observed that people were able to 
more quickly adjust the more times they wore the glasses (Welch, 1978). This provided a 
platform for motion sickness researchers to investigate adaptation in a similar manner.  
 Reason and Brand (1975) reviewed the research on adaptation to motion sickness 
at the time to highlight three key stages. The first stage is initial exposure. As the subject 
is exposed to the sickening stimulus for the first time, there are a series of nauseogenic 
and vestibular symptoms that set in. The next phase is continued exposure, where the 
subject is repeatedly exposed to the same provocative stimulus. In this phase, some 
symptoms may subside as the sensory rearrangement begins to be processed. The last 
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phase is aftereffects that result from sensory rearrangement. During the aftereffect phase 
is when the subject has to re-adapt to the normal environment. The two periods of 
maximum maladaptation, meaning showing the greatest change in symptoms, are the 
early stages of initial exposure to a sickening stimulus, and when being reintroduced to 
the typical environment (Reason & Brand, 1975).  
 While researchers like Welch studied long term exposure and adaptation- at the 
level of days and weeks, others have studied the short-term impacts of a discrepancy. 
Cunningham and colleagues found that people were able to employ strategies for an 
inconsistent delay in a similar fashion (Cunningham, Billock, & Tsou, 2001). Motion 
sickness studies have found that in particular, the vesibulo-ocular reflex can adapt with 
head movement (Young, Sienko, Lyne, Hecht, & Natapoff, 2003). This reflex functions 
to stabilize the visual field while making a head movement. It is characterized by the 
activation of the vestibular system which then triggers a compensatory eye movement. 
The vestibulo-ocular reflex and its implication in motion sickness is a key part of the 
sensory conflict introduced by latency in HMDs. The reflex is perturbed when the visual 
and vestibular systems work together to stabilize the visual field, but the display lags 
behind so visual motion is unexpected. DiZio and Lackner described the sensory 
rearrangement in HMDs with latency as a temporal distortion (1992). HMD wear can 
yield sensorimotor rearrangement which yields motion sickness, errors, and as one 
overcomes those, adaptation (DiZio & Lackner, 1992).   
 There are three variables that impact the rate of adaptation in HMD users: time 
between sessions, number of exposures, and length of each exposure. Studies have shown 
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that adaptation is time-sensitive. One line of research using an optokinetic drum stimulus 
found exposures are most effective for adaptation when separated by 48 or fewer hours 
(Stern, et al., 1989; Hu, Stern, & Koch, 1991; Hu & Hui, 1997). Recently, Kinsella 
showed adaptation to HMD exposure with sessions separated by 48 hours (2018). There 
is also a maximum length of time in which adaptation is possible. Lawson determined 
that 14 days following exposure effects of adaptation will be diminished (2014). While 
the timing between exposures is important, so is the number of times participants 
experience a stimulus. Kennedy and Fowlkes found that trainees were able to adapt to 
physical stress of the simulator, particularly showing a drop in the symptoms after the 
fourth exposure and even more by the sixth (1990). However, Hu and colleagues 
determined three was sufficient, seeing a large reduction in symptoms and vection (Hu, 
Grant, Stern, & Koch, 1991; Hu & Hui, 1997). Likewise, in Kinsella’s study (2018), 
participants showed adaptation across three exposures to a HMD. The length of exposure 
is also important, as continuous exposure is required for adaptation. Hu and Hui 
determined that 16 minutes of exposure to a rotating optokinetic drum was enough to 
incite sickness and then show adaptation (Hu & Hui, 1997).  
 Most adaptation research focuses on stimuli that remain constant over time. 
Scenarios using slow rotating rooms moving at a constant rate, prism goggles, and 
optokinetic drums have been at a consistent speed or a provocation that is continuous. 
Latency that varies creates a challenge for perceptual adaptation. The plastic nature of our 
perceptual system and reafference hypothesis imply that adaptation to a stimulus that 
varies over time is not possible (Welch, 1978). Varying latency is in opposition of the 
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adaptation process because our natural ability to adapt is disturbed by variability (Biocca, 
1992). In HMDs, adaptation has been studied with regard to visual displacement (Rolland 
et al., 1995; Biocca & Rolland, 1998) and constant latency (Kinsella, 2018). In these 
studies, participants showed adaptation similar to the patterns previously described by 
Welch and colleagues, but these studies both involved a constant displacement.   
Human perceptual-motor systems are plastic in order to eliminate a fixed source 
of error (Held & Freedman, 1963; Rock, 1966). This implies that if the users adapt to a 
new perceptual environment, they expect it to be the same each time. The fixed source 
relates to the von Holst and Mittelstadt’s reafference hypothesis (1950). According to this 
hypothesis, there is an efference copy that is made through repeated stimulation that goes 
through an internal quality check which they describe as reafference. Additionally, Welch 
argued humans can adapt to any stable sensory rearrangement as a core finding of his 
body of research (1978). Other studies have shown that perceptual adaptation is disrupted 
by delayed feedback, which poses a challenge for adaptation to latency (Held, Efstathiou, 
& Greene, 1966). Cohen and Held (1960) assert that continuously varying rearrangement 
of the visual field will disrupt visuomotor adaptation. Their finding on stable 
rearrangements was recently extended to HMD related work by Kinsella (2018), whose 
work showed that adaptation to a constant, minimal system latency was possible. What 




 The purpose of the current study was to determine if individuals could adapt to 
varying latency with repeated exposure. This research aimed to advance the 
understanding of adaptation to perceptual challenges posed by HMDs. Adaptation was 
defined in this experiment as a reduction in simulator sickness symptoms. As Kinsella 
(2018) found that individuals could adapt to a constant latency, the next step in this line 
of research was to determine if the same holds for latency that varies throughout 
exposure. As stated above, varying latency is inherent in the design of head-tracked 
HMDs. The goal of this study was to see if individuals could adapt to this kind of 
stimulus with repeated exposure. The relationship between task performance and sickness 
was further investigated.  
 Sickness Hypotheses. It was hypothesized that there would be a main effect of 
latency such that those in the constant latency condition would have lower sickness 
scores than those in the varying latency condition. As previous research indicated, 
adaptation is likely under conditions of constant latency; however, the varying conditions 
would likely make it challenging to adapt to an unpredictable and varying stimulus. It 
was also hypothesized that there would be a main effect of session such that sickness 
would decrease with each exposure. In accordance with Kinsella’s findings (2018), a 
decrease in symptoms was expected with repeated exposure. The exposure pattern was 
shown in the aforementioned study to be successful at allowing for adaptation. Lastly, an 
interaction between session and latency was expected.  
 Performance Hypotheses. A point-and-shoot task was used to further quantify 
adaptation in this experiment, but more specifically calibration. Calibration was defined 
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for the purposes of this study as improvement on a performance task. Accuracy and time-
to-hit targets were calculated  to measure task performance. It was hypothesized that 
there would be a main effect of latency, with those in the constant latency condition 
showing lower time-to-hit and higher accuracy than those in the varying latency 
condition. This followed the findings of Wilson (2016), with performance being worse 
for those in his varying latency condition. It was hypothesized that there would be a main 
effect of session, such that in session three participants would show less time-to-hit and 
more accuracy than that of session one or two. In Wilson (2016), participants showed 
psychomotor learning within the session, particularly in the varying latency condition. 
Lastly, it was hypothesized that there would be an interaction between session and 






 A power analysis conducted using G*Power was used to determine the required 
sample size for an analysis of variance (ANOVA) showing a within and between subjects 
interaction (shown in Appendix A). The result of this power analysis  recommended a 
total sample size of 18 (9 per condition) to achieve a mean difference between latency 
conditions and sessions at a medium effect size of 0.25. Alpha was set to a value of 0.05, 
while power was entered at 0.8. The correlation amongst repeated measures was set to 
0.713, which was the correlation amongst Peak SSQ scores in Session 1 and Session 3 in 
Kinsella (2018). An increased number of 15 participants in each condition (total of 30) 
was used to improve power and account for potential error and participant drop-outs. 
While the study was not sufficiently powered to assess gender effects, men and women 
were balanced between the conditions.  
 Inclusion Criteria. As the goal of this study was to examine adaption to sickness, 
only those who showed symptoms during the first session were included and tested for all 
three sessions. Kennedy and colleagues recommend an SSQ score of 20 as a heuristic to 
identify a problem simulator, thus participants were required to have a minimum Peak 
SSQ of 20 in the first session to be included in the full three-part experiment (Kennedy et 
al., 2003; Kinsella, 2018). Additionally, participants were excluded from the study if they 
were not able to complete all five blocks of trials in the first session. This was to ensure 
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consistent duration of exposure to the stimuli and avoid any strong aversive symptoms 
that might come from severe sickness and nausea.  
 
Design 
 This study was a 2 (latency condition) by 3 (session) mixed design as shown in 
Table 2.1. Participants were assigned to a latency condition and then experienced that 
stimulus three times. The three sessions took place every other day for a week (48 hours 
between exposures). Dependent variables for sickness in this experiment were subjective 
sickness symptoms as measured by the Motion Sickness Assessment Questionnaire and 
the Simulator Sickness Questionnaire. The dependent variables for performance are 
accuracy (number of hits) and time-to-hit.  
 Session 1 Session 2 Session 3 
Constant latency 
n = 15 
   
Varying latency 
n = 15 
   
Table 2.1. The 2 (condition) x 3 (session) experimental design.  
 
Materials  
 Demographics and Screening. Participants were asked to report any relevant 
medical information that might relate to their ability to complete the study, such as 
history of heart condition, to ensure their safety was maintained in the experiment. The 
demographics of age, ethnicity, gender, and handedness were collected as well (see 
Appendix B). Subjects who had participated in prior HMD studies in our lab were 
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excluded to avoid any previous task experience. Participants were only able to complete 
the study if they had normal vision or contact lenses for corrected vision, as glasses could 
not be worn under the HMD eyecups.  
 Motion Sickness History Questionnaire. Motion sickness history was measured 
using the Motion Sickness History Questionnaire (MSHQ) created by Reason and Brand 
(1975; see Appendix C). Participants answered questions about how often they feel 
motion sickness symptoms by modality such as: “In the last 10 years, how often have you 
felt sick or nauseated by cars?” Participants responded based on their experience with on 
a 4-point scale (0 = no experience; 3 = more than 10 trips) and this was answered in 
terms of how severe by responding with N/A, Never, Rarely, Sometimes, or Frequently. 
This was scored based on frequency of experience and both feeling of sickness (Section 
A) as well as frequency of getting sick (vomiting, Section B). The score for this is 
calculated using a weighting system to correct for the experience on the type of stimuli 
and the frequency of sickness, as shown in a table by Reason and Brand (1975, pg. 276). 
The sum of the correct scores for Section A are divided by the number of motion types 
experienced and then multiplied by 9, representing the total number of types possible. 
The two sections are summed after they are scored the same way, for a possible score of 
90 on each subscale and 180 overall. This was used to account for any possible group 
differences prior to this exposure.  
 Motion Sickness Susceptibility Questionnaire. The Motion Sickness 
Susceptibility Questionnaire (MSSQ) has been shown to account for a portion of 
simulator sickness variance independent of demographics and sickness profile (Golding, 
 16 
2006; see Appendix D). The MSSQ-Short form was used in this experiment. This 
accounts for childhood and more recent experience with nausea. Participants fill out two 
sections of this questionnaire- one on their early childhood (ages 0-12, MS-A) and one on 
their experience in the last 10 years (MS-B). There are 18 prompts, split into 9 motion 
sickening stimuli (e.g. cars, boats, trains) for each time period. The participant responds 
according to how often they felt sick, from 0 (never) to 3 (frequently), with an option for 
saying not applicable (t). Scores from MSA and MSB are separately calculated by adding 
the total sum of all ratings from the subscale, multiplying that time 9 (number of possible 
options) and divide by 9 minus number of times not experienced. The subscale scores are 
then summed for a possible total score from 0 to 54. Higher scores indicate more motion 
sickness susceptibility. Like the MSHQ, this was used to account for differences in 
susceptibility between conditions.  
 Simulator Sickness Questionnaire. Simulator sickness symptoms were 
measured by the subjective Simulator Sickness Questionnaire (SSQ) created by Kennedy, 
Lane, Berbaum, and Lilienthal (1993; see Appendix E). An example question is: “Rate 
your experience of the following (i.e., right now I feel; ): general discomfort”. 
Participants responded based on severity with the options, which correspond with a 
numerical value for scoring: None (0), Slightly (1), Moderate (2), or Severe (3). Each of 
the symptoms is categorized into the Nausea, Oculomotor, or Disorientation subscales. 
The sum of the subscale scores are then multiplied to calculate a total score. The formula 
for this is (N x 9.54 + O x 7.58 + D x 13.92) x 3.74. The maximum possible score on the 
scale is 235.62. Data from the SSQ have historically been analyzed after a square-root 
 17 
transform of raw scores as the scoring yields a non-normal distribution (Bland & Altman, 
1996; Kinsella, 2018).  
 Motion Sickness Assessment Questionnaire.  The Motion Sickness Assessment 
Questionnaire was created by Gianaros, Muth, Mordkoff, Levine, and Stern (2001; see 
Appendix F) and offers a multidimensional look at pre and post exposure scores of 
sickness. Participants were read statements such as “I felt sick to my stomach” and asked 
to rate from 1 (not at all) to 9 (severely) how they felt during the experiment. The MSAQ 
is scored summing the points from all items, dividing that by 144 (total possible), and 
multiplying it by 100 to get a percentage.  
 
Apparatus  
 Head-Mounted Display. The HMD used in this experiment was the ProView ™ 
XL 50 HMD (Kaiser Electro-Optics, Inc.), shown in Figure 2.1. The XL 50 is a bi-ocular 
HMD with a 1024 x 768 resolution and a refresh rate of 60 Hz. Eyecups made 
specifically for the XL 50 were used to occlude external light. The HMD has a 50° field 
of view (FOV) diagonally, 30° FOV vertically, and 40° FOV horizontally. It weighed 35 
ounces prior to camera being mounted. 
 Digital Camera. A color digital camera was mounted on top of the HMD to 
capture the lab to display (Figure 2.1). This is a Uniq UC-610CL CCD camera with a 
resolution of 659 x 494 pixels. The frame rate of the display is 110 Hz. The camera 




Figure 2.1. The head-mounted display used for this experiment. 
 
 Latency Software. The manipulation of system latency was made possible by an 
in-house program described by Wilson (2016), Kinsella (2014), and St. Pierre et al., 
(2015). The delays used in this study were validated by the outside observer method (Wu 
et al., 2013) and used in St. Pierre and colleagues (2015) study.  
 Latency Conditions. In this study, the focus was on comparing sickness in two 
different latency conditions run by the latency software: 1) latency that varied over time 
in frequency with a fixed amplitude and 2) a constant latency. The varying latency values 
have been previously studied by St. Pierre and colleagues (2015) and have been shown to 
generate significant motion sickness symptoms. Constant latency in this study was 170 
ms. The purpose of this condition was to further validate the results of Kinsella’s (2018) 
findings on adaptation to a constant latency, which had the same characteristics with a 
constant latency of around 130 ms. In the current study, we used a higher constant 
latency condition of 170 ms as recommended by Wilson (2016). Wilson used a 70 ms 
minimal system latency and found a difference in performance based on latency 
condition. The mean latency was 100 ms lower in the constant than the varying latency, 
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making it a confound of his results. The higher 170 ms constant latency was used to 













Constant 0 0 70 100 170 Non-head 
tracked VE 
Varying 0.2 100 
(constantly 
varying) 
70 100 70-270 Head-tracked 
HMD 
Table 2.2. Latency input values for HMD in experiment. 
 
Task 
The task that participants completed consisted of two parts: object location task 
and target-shooting task. Both parts are performed simultaneously. In earlier studies in 
our lab, the object location task was used in isolation (Moss & Muth, 2011, St. Pierre et 
al., 2015, Kinsella et al., 2016).  Later studies added the target-shooting task (Wilson, 
2016, Kinsella, 2018).  Hence, we describe these two parts of the task independently for 
clarity and consistency with our other work and publications. 
Object Location Task. Participants completed a visual search for targets placed 
throughout our lab space. A camera was mounted on top of the HMD. The participant 
stood at position X on Figure 2.2. The task directions were automated by a text-to-speech 
voice program, described in Wilson (2016), listing off the targets in a pseudo-random 
order (e.g. as listed in Appendix G, Moss & Muth, 2011). Options were: scale (A), clock 
(B), flag (C), fire (D), hall (E), cross (F), fan (G), and shelf (H), Figure 2.3. Participants 
heard instructions listing the direction and name of the object (e.g. right cross; meaning 
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look right and locate the cross) every 3 seconds. All targets were within 180 degrees of 
the participant, the smallest possible movement was 35 degrees and the largest possible 
movement was 180 degrees. Participants were instructed that they were free to move their 
head and shoulders (only slightly as needed), and to keep their hips and legs relatively 
still. Each session consisted of 200 randomized head movements. These were blocked 
into two-minute increments of 40 trials (Moss, 2008). In each session, participants 
completed three two-minute blocks of trials (40 targets) without the display on as a 
training and baseline, followed by 5 more blocks of 40 targets.  
Target Shooting Task. As shown in Figure 2.3 below, a laser target (Cheap Shot 
Laser Target, Impulse USA, St. Louis, MO) was located adjacent to each of the objects 
shown. Participants used a laser pointer (Laser 201, Red Laser Pointer Pen G301, 650 
nm, 0.2 W), to point at the targets as they were called. As the target was hit by the laser, 
the 6 imbedded LEDs lit up red and a 330 Hz tone at 90 db sounded. Participants had 
three seconds to hit the target, which was recorded by an automated system. If the target 
did not sound it was considered a miss. The time-to-hit variable was calculated by 
averaging each target presentation by trial, if the target was missed, three seconds were 
added to the total time to hit for the trial. Accuracy was classified as number of hits, in 




Figure 2.2. An overview of the laboratory arrangement for the object location task. 
 
 
Figure 2.3. Each target shown as it is in the room for the object location task. 
 
Procedure 
 Participants were recruited via an online platform for psychology students to sign 
up for experiments, as well as word of mouth and flyers. Participants were informed this 
was a three-part study and scheduled for a time they were available for three days, 48 
hours apart. The overall procedure is shown in Figure 2.4 below, with sessions 2 and 3 
abbreviated as they followed the same protocol, without the initial questionnaires about 
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history and susceptibility. When they arrived, they were given a brief introduction and an 
informed consent form to review and sign. Once they consented, the MSHQ, MSSQ, and 
demographic questionnaire were filled out. If the participant had a history of any 
condition listed on the demographic sheet (Appendix B) they were excused from the 
study.  
 Once paperwork was completed, participants were instructed on the nature of the 
target-shooting task and asked to stand at the X on the lab diagram (script is attached as 
Appendix H). Participants were instructed to put on a pair of welding goggles to occlude 
peripheral vision much like that of the HMD. The recording then began, allowing them to 
complete a set of 3 blocks (40 objects each, total of 120) to practice the target-shooting 
task and get awareness for the speed and target locations. After this, they were asked if 
they felt like they had sufficient understanding, and if not the experimenter clarified the 
instructions as needed. Participants did not don the HMD for the training portion of the 
experiment.  
After participants reached a point of task understanding, they were asked about 
their starting level of sickness immediately after donning the HMD through the MSAQ 
pre-questionnaire followed by the SSQ to which they verbally responded to the items. 
They were then fit with the HMD, ensuring it was appropriately placed on their head. The 
experimenter instructed the participant to adjust the inter-pupillary distance using dials on 
the side of the HMD until they saw one merged image in the display. After they 
confirmed that the HMD was comfortable, an automated recording played with the first 
40 trials followed by an SSQ and this repeated until the end of the 5 blocks of trials, 
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which was followed by the SSQ and then the post MSAQ. The SSQ scores for each trial 
were quickly scored and if the participant scored above 20 after any block the participant 
continued on to sessions 2 and 3. If they scored less than 20 they were informed they did 
not meet the inclusion criteria, debriefed, and did not return.  
 Participants returned to the lab after 48 hours at the same time of day. Sessions 2 
and 3 followed the same format as session1, with the exception of the screening 
questionnaire, MSHQ, and MSSQ, so they were reduced in Figure 2.4. They once again 
completed three blocks of the target-shooting task (without HMD) to ensure they were 
comfortable with the room layout and asked for pre-task questionnaire responses 
(MSAQ, SSQ). This was followed by another five blocks of target-shooting trials. At the 
end, a post-test SSQ and MSAQ were once again recorded. The third session took place 
after another 48 hours following the same protocol as the previous sessions. After they 
removed the HMD during the final session, participants were asked a final series of post 
questions (Appendix I) to examine their subjective experience and gain insights to any 
adaptation strategies they might have been using. Last, they were debriefed on the 
purpose of the experiment and compensated for their time. 
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Figure 2.4. A chart representing the experimental procedure, showing frequency of 
questionnaire and sequence of events. 
 
Planned Statistical Analyses 
 The Statistics Package for the Social Sciences (SPSS), version 25 was used for all 
statistical analyses. A potential outlier was defined as being 3 times the interquartile 
range, chosen to identify cases outside the middle 95% of the normal distribution.  A 2 
(latency condition) by 3 (session) mixed ANOVA was performed on sickness scores 
recorded during each session. For sickness measures, this was performed using the peak 
SSQ, sum SSQ, and post MSAQ. For performance, this was completed on the aggregated 
accuracy score by trial to have one score per session (out of a possible 40), and for time-
to-hit the same was conducted for a total possible of 120 seconds in a given session, then 
divided by 40 for an average time-to-hit for each target. For the SSQ scores, square-root 
transformation will be completed on the peak and sum scores for each session prior to 
analysis.   
Surveys Block 1 Block 2 Pre Block 1 Block 2 Block 4 Block 5 Post
Consent 40 Trials 40 Trials MSAQ 40 Trials 40 Trials 40 Trials 40 Trials MSAQ







SSQ > 20? Participant continues
48 Hour Break
Experimental Session 2 (same as Session 1 without pre-experiment surveys)
(doff goggles)
HMD Performance Experiment Between-subjects Design
Part 2 (Experimental Trials with HMD)
Experimental Session 1
Assigned a latency condition (EITHER VARYING OR CONSTANT)
Total Time Part 1 = 23 mins Total Time Part 2 = 19 mins












 A total of 51 people participated in this experiment. Figure 3.1 below shows the 
breakdown of the number of participants at each stage. Of the initial 51 participants, 32 
passed the screening criteria, having an SSQ score of 20 or greater on the first day. Two 
participants completed session one and met the inclusion criteria, but did not complete 
further sessions- one was a no show for the second session, while one was not able to 
continue due to a computer malfunction during their scheduled session. An additional 
two participants withdrew from the experiment after having put the HMD on during the 
first session, one was because of stomach discomfort and one was unrelated to symptoms. 
The participant with stomach discomfort was in the constant latency condition. Another 
participant enrolled in the study, but the HMD was too large on their head so they did not 
complete any task while wearing the HMD. Participants were categorized into four 
categories moving forward based on their condition assignment and whether or not they 
met the screening criteria (a cutoff of 20 on the SSQ or higher). This yielded a total of 48 
participants for further analyses. Conditions were pseudo-randomly assigned and 











Figure 3.1. A flowchart showing number of participants in each group. Three participants 
withdrew in the first session.  
 
 An independent samples t-test was conducted to test for differences in 
susceptibility between those in the varying latency and the constantly latency condition. 
There was not a significant difference in susceptibility (MSSQ) between those who 
passed in the constant latency condition compared to the varying latency condition, 
t(26)=1.80, p > .05. A separate independent samples t-test was conducted to compare the 
conditions on the motion sickness history questionnaire (MSHQ). Those in the constant 
latency condition had a higher score on the MSHQ than those in the varying latency 
condition, t(18.52)=2.14, p < .05. This is shown below in Figure 3.2, which includes 
results from both questionnaires.  
Participants 








Did not meet 











Figure 3.2. A comparison of latency conditions groups scores on the Motion Sickness 
Susceptibility Questionnaire and the Motion Sickness History Questionnaire. Error bars 
represent one standard error of the mean. 
 
 
Outlier Analysis and Data Loss 
 Boxplots were examined for susceptibility, history, SSQ (pre, peak, and sum for 
each trial), MSAQ, time-to-hit, and number of hits to search for potential outliers for 
those who passed the screening and completed all three sessions. Using the heuristic of 3 
times the interquartile range, 4 cases were identified as potential outliers based on pre-
SSQ score in session 3. Experimenter notes were examined for these cases. After review 
of the experimenter notes, no unusual circumstances were identified suggesting the cases 
should not be included. As most participants had between a 0-4 on pre SSQ for session 3, 
so those with any response above that were flagged. No data were removed as an outlier. 
Data for those 48 that completed the first session is shown below in Table 3.1. 
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        N Sex Age Race MSSQ MSHQ 
Constant 
Latency Met criteria 14 7F/7M 22.71 
11 Caucasian/1 AA/1 Asian/1 
Mixed 37.58 31.03 
 
Did not meet 
criteria 13 10F/3M 20.61 9 Caucasian/3 AA/1 Hispanic 13.58 14.63 
Varying 
Latency Met criteria 16 9F/7M 19.88 
13 Caucasian/1 Asian/1 
Middle Eastern/1 Mixed 18.69 16.19 
 
Did not meet 
criteria 5 1F/4M 21.4 5 White 8.84 11.54 
Table 3.1.The demographic information for those who met the screening criteria and did 
not separated by condition. Those who withdrew or did not complete the study are not 
included. 
 
 Due to computer program errors, two cases of session one participants were 
missing data. Both were individuals who passed the screening. For those that passed the 
screening, data was missing from two further sessions- specifically session 3. This 
impacted one in the varying latency condition and one in the constant latency condition.  
 
Hypothesis 1: Sickness 
 Raw SSQ. Figure 3.3 shows a histogram with the distribution of raw scores for 
those who passed the screening during session 1. This was prior to transformation.   
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Figure 3.3. A histogram of the SSQ Scores (untransformed) from session 1 for those who 
met the screening criteria. 
 
 
 Square root transformed SSQ. Below is a histogram showing the distribution of 
the transformed data (Figure 3.4).  
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Figure 3.4. A histogram of the square-root transformed SSQ scores for those who met the 
screening criteria in session 1.  
 
 
 Peak SSQ. Mauchly’s test for sphericity was violated (W(2) = .56, p < .001, 
therefore a Greenhouse-Geisser correction was used. There was not a significant main 
effect of latency condition, F(1, 24) = .72, p > .05. As shown in Figure 3.5, a main effect 
of session was observed such that sickness decreased from session 1 to session 2, to 
session 3, F(1.29, 31.02) = 8.75, p < .01. Post hoc comparisons showed that session 1 
sickness scores (M = 8.20, SD = 1.70), were marginally higher than session 2 (M = 7.72, 
SD = 1.72), p = 0.51. Session 3 peak SSQ scores (M = 6.98, SD = 2.51) were lower than 
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both session 2 (p < .01) and session 1 (p < .01). There was not an interaction between 
session and condition, shown in Figure 3.5 below, F(1.29, 31.02) = 1.12, p > .05. 
 
 
Figure 3.5. Mean of Peak SSQ score from each session after square-root transformation 
split by condition. Bars represent standard error of the mean. 
 
 
 Sum of SSQ. Mauchly’s test for sphericity was violated (W(2) = .56, p < .001, 
therefore a Greenhouse-Geisser correction was used for the sum of session SSQ scores. 
There was not a main effect of condition, F(1, 24)=.02, p > .05. As shown in Figure 3.6, 
session 1 scores (M = 16.43, SD = 3.59) were higher than those of session 2 (M = 14.45, 
SD = 3.46; p < .01) and session 3 (M = 12.88, SD = 4.17, p < .01). Session 2 scores were 
also higher than those of session 3, p < .01. This yielded a significant main effect of time, 
F(1.39, 33.46)=11.06, p = .001. There was not a significant interaction between session 




Figure 3.6. Mean of Sum SSQ score from each session split by condition. Bars represent 
standard error of the mean. 
 
 
 MSAQ. Mauchly’s test for sphericity was violated (W(2) = .51, p < .001), 
therefore a Greenhouse-Geisser correction was used. There was not a main effect of 
condition, F(1, 24)= 1.90, p > .05. MSAQ scores from session 1 (M = 35.39, SD = 11.92) 
and session 2 (M = 31.70, SD = 14.64) were not significantly different (p > .05) as shown 
by Figure 3.7, but scores for session 3 (M = 27.88, SD = 12.45) significantly differed 
from both session 1 (p < .01) and session 2 (p < .01). There was not an overall main 
effect of session, F(1.34, 32.22)= 2.33, p > .05. There was not a significant interaction 




Figure 3.7. Mean of Motion Sickness Assessment Questionnaire score from each session 
split by condition. Bars represent standard error of the mean. 
 
Hypothesis 2: Time-to-hit 
 There was not a main effect of condition, F(1, 23)= .20, p > .05. As shown in 
Figure 3.8 below, time-to-hit in session 1 (M =1.84, SD = 0.37) was higher than that of 
session 2 (M = 1.69, SD = 0.33; p < .01) and session 3 (M = 1.56, SD = 0.34; p < .01). 
Time-to-hit also significantly decreased from session 2 to session 3, p < .01. A main 
effect of session was observed such that time-to-hit decreased from session 1 to session 3, 
F(2, 46)= 33.29, p < .001. There was not a significant interaction between session and 




Figure 3.8. Mean of time-to-hit score from each trial split by condition. Bars represent 
standard error of the mean. 
 
Hypothesis 3: Accuracy 
 Mauchly’s test for sphericity was violated (W(2) = .75, p = .03), therefore a 
Greenhouse-Geisser correction was used. There was not a main effect of condition, F(1, 
24)= .82, p > .05. The number of hits in session 1 (M = 27.82, SD = 6.34) was lower than 
the number of hits in session 2 (M = 29.82, SD = 5.12; p < .01) and session 3 (M = 31.72, 
SD = 5.03; p < .01). Session 2 hits were significantly lower than those of session 3 as 
well, p < .01. Shown in Figure 3.9, a main effect of session was observed such that hits 
increased from session 1 to session 2, to session 3, F(1.60, 38.28)= 11.30, p < .001. There 
was not a significant interaction between session and condition, F(1.60, 38.28)= .90, p > 




Figure 3.9. Mean of number of hits from each trial split by condition. Bars represent 




 Relationship between sickness and performance. Something that has remained 
unclear with this line of research is how intertwined performance and sickness are. To 
explore this, correlations were performed on session 1 to session 3 difference for all 
variables. Session 3 scores were subtracted from session 1 for all variables. Table 3.2 
below shows correlations between the deltas of all variables. While SSQ measures were 
correlated and performance measures were correlated, the lack of correlation between the 
two suggests they are not intertwined, but instead the change in performance might be 




  Hits TTH Peak SSQ 
1. Hits  --   
2. Time-to-hit  -0.76**  --  
3. Peak SSQ 0.08 0.19  -- 
4. Sum SSQ -0.15 0.3 0.82** 
** = p < .001    
    
Table 3.2. Correlations between change in performance and sickness. 
 
 Met criteria versus did not meet criteria. Many individuals showed rather high 
scores on the SSQ immediately after donning the HMD. An independent samples t-test 
was conducted to see if there was a significant difference in symptoms on pre task SSQ 
scores between those who met and did not meet the criteria. Those who met the screening 
criteria showed much higher pre-task SSQ scores (M = 20.26, SD = 20.84) than those 
who did not meet the criteria (M = 5.40, SD = 9.09) after a correction for unequal 
variances, t(44.46)= -3.45, p = .001. This suggests that initial anxieties about future 
sickness, based on past history or knowing the nature of the experiment, could have 
yielded discomfort prior to even doing the task.  
 While sickness reports were used to classify people into the met the criteria (sick) 
versus did not meet the criteria (well condition), performance data were collected for both 
during the first session. A 2 (met/did not meet) x 5 (trials in session 1) multivariate 
ANOVA was used to compare the met/did not meet groups performance while wearing 
the HMD in session 1. There was a main effect of trial such that hits and time-to-hit 
differed by trial number, F(8, 334)= 12.02, p < .01, but not in a specifically linear 
fashion, as shown in Figure 3.10 and Figure 11 below. However there was no effect of 
screening criteria, with both groups preforming about the same level on time-to-hit F(1, 
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42)= 1.58, p > .05 and number of hits F(1, 42)= .95, p > .05, as shown in Figures 3.10 
and 3.11. There was not an interaction of screening and session, F(8, 334)= .33, p > .05.  
 
 
Figure 3.10. Mean of time-to-hit score from each trial grouped by participants who did 
versus did not meet the screening criteria in session 1. Bars represent one standard error 
of the mean. 
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Figure 3.11. Mean of number of hits from each trial grouped by participants who did 
versus did not meet the screening criteria in session 1. Bars represent one standard error 
of the mean. 
 
 
 Pre-Task SSQ. Based on observation from the experimenters, there was a trend 
in reduction of initial (pre-task) symptoms with each day. As people returned, they 
showed less anxiousness and reported fewer initial symptoms, shown below in Figure 
3.12. A 2 x 3 ANOVA was conducted to compare Pre SSQs by condition to see if this 
varied systematically. There was not a main effect of condition, F(1, 24)= .00, p > .05. A 
main effect of session was observed such that symptoms decreased from session 1 to 
session 2, to session 3, F(1.23, 29.5-)= 11.82, p = .001. Session 1 (M = 19.13, SD = 
17.62) was higher than session 2 (M = 7.19, SD = 8.91, p < .01), and session 3 (M = 4.75, 
SD = 8.89, p < .01). Session 2 did not differ from session 3, p > .05. There was not a 
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significant interaction between session and condition, F(1.23, 29.50)= .89, p > .05, While 
there was a main effect of session, such that participants showed less symptoms just 
putting on the HMD after the first day, there was not a main effect of condition. This 
suggests that there are adaptation aspects that come from expectation that might be 
impacting repeated exposure but not the effects of latency.  
 
 
Figure 3.12. Mean of pre-exposure SSQ score from each session split by condition. Bars 








 The purpose of this study was to determine if people could adapt to varying HMD 
latency with repeated exposure. Adaptation was defined as a reduction in simulator 
sickness symptoms over time. Indeed individuals could adapt to both constant and 
varying latency.  However, it was also hypothesized that there would be a main effect of 
latency such that those in the constant latency condition would have lower sickness 
scores than those in the varying latency condition. It was further hypothesized that there 
would be an interaction between session and latency such that there would be a larger 
overall decrease (sharper slope) in constant latency over time than that of the varying 
latency. Surprisingly, and contrary to some of our earlier findings (St. Pierre et al., 2015; 
Kinsella et al., 2016), there was no effect of latency condition on any sickness measure 
and no interaction. In contrast to previous studies, this suggests that people can show 
some reduction in symptoms with repeated exposure to a sickening stimulus whether or 
not it varies.  
 A point-and-shoot task was used to quantify calibration in this experiment. 
Calibration was characterized by an improvement in performance as a further sign of 
adaptation. It was hypothesized that there would be a main effect of latency, with those in 
the constant latency condition showing less time-to-hit and more accuracy than those in 
the varying latency condition. A latency effect was not found, with both latency 
conditions having very similar scores over all three sessions. This contrasts Wilson’s 
(2016) finding that there was a performance difference between varying and constant 
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latency, with people performing worse under varying latency. It was also hypothesized 
that there would be a main effect of session, such that in session 3 participants would 
show faster time-to-hit and higher accuracy than that of session 1 or 2, which was 
supported. As both of these main effects were hypothesized, so was an interaction 
between the two. However, varying and constant latency both showed a similar pattern 
increased performance across session with both an increase in hits and a decrease in time-
to-hit.  
 Both adaptation and calibration showed the same pattern of improvement over 
sessions and no effect of latency. It seems natural that since sickness and performance 
followed the same pattern, that calibration and adaptation were intertwined. However, 
correlations showed this was not necessarily the case. While the overall trend was 
improvement with time, task performance (calibration) and sickness (adaptation) were 
not correlated showing that some people got better at the task independent of their 
reported sickness symptoms. Comparing the performance of those who met versus did 
not meet the screening criteria adds to our understanding about the relationship between 
sickness and performance. Participants who had scores below 20 on the SSQ- the 
threshold used to determine who was sick enough to meet the criteria for the study- 
actually, and counter-intuitively, performed worse on the task than those who met the 
criteria for the study, further suggesting that the relationship between sickness and 
performance is not simplistic. 
 
Comparison to Recent Findings 
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 These results expand the findings by Wilson (2016) and Kinsella (2018), who 
used the same paradigm and informed the current work. In Wilson’s (2016) study, which 
focused on the difference between varying and constant latency on performance in the 
same task. He found that participants performed worse under varying latency. However, 
similar to the current study, Wilson’s did not find an effect of latency condition on 
sickness. Participants in Wilson’s study quickly reached a ceiling in performance in the 
constant latency condition, but not in the varying condition, a finding which differed 
from that of the present work.  However, there were two key differences in his study. 
Wilson used a singular exposure to each latency condition and a lower constant latency. 
The constant latency used in that study was 70 ms, but it was noted as one of his 
limitations that 170 ms would be a better comparison which is why it was used in this 
study. In addition, Wilson did not use any screening procedure to separate out those with 
little or no sickness.  Hence, his sample likely included participants who on average had 
lower motion sickness susceptibility than the current sample.  
 The current work was consistent with Kinsella’s (2018) finding that people can 
adapt to a constant latency. In her experiment, participants completed the same object 
location task, but one group had the added target-shooting task in session 2 as an 
intervention, while the other just completed head movements all three sessions. Kinsella 
showed adaptation through reduction of symptoms with repeated exposure and the 
current study showed symptom reduction as well as task performance improvement. The 
slight differences in sickness alleviation- she saw individuals who had full adaptation 
below 20 on the SSQ in session 3 while I did not- could possibly come from the 
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differences in the cameras used. Kinsella used a much newer camera with better image 
quality. The GoPro Hero5 was used in Kinsella’s study had a higher 1920 x 1080 pixel 
resolution nearly double that of the Uniq UC-610CL used in the present study (659 x 494 
pixels). While Kinsella found several individuals who showed what she defined as “full 
adaptation”- being under 20 on the SSQ in session 3, this was not observed in the present 
study regardless of latency condition.  
 One of Kinsella’s (2018) conclusions was that the performance task might serve 
as a distraction and potentially interfere with adaptation. In the present study, participants 
showed a significant reduction in sickness symptoms regardless of latency conditions and 
while doing the target-shooting task all three times. However, qualitative data from 
interviews in the present study further supported the idea that the task may serve as a 
distraction. People mentioned cognitive effort devoted to improving their performance on 
the task but rarely noted any strategies they consciously used to reduce their sickness. 
Experimenters in the present study observed several strategies focused on task 
performance in addition to the ones participants disclosed.   
 Hartman (2018) also examined calibration in constant versus varying 
perturbations, but in a rendered virtual environment where participants shot at virtual 
targets. In Hartman’s study, participants showed within session calibration to a target-
shooting task regardless of perturbation as well. The present study, along with Hartman’s, 
expands on the idea of what it means to adapt to a varying stimulus. When performing a 
task with a shift from gain or latency, participants were still able to calibrate to improve 
task performance. However, the nature of the relationship between sickness and 
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performance is still unknown. This expands Wilson (2016) and Kinsella (2018) to better 
understand both sickness and performance in virtual environments. 
 
Theoretical Implications for Adaptation and Simulator Sickness 
 The findings from this study provide insights into how previous work on 
adaptation might be challenged by understanding latency in HMDs. There are many 
definitions of adaptation, some of which were supported by the findings in this study, 
even though participants still had high symptoms during the last session. As stated in the 
introduction, Rock defined adaptation as, “change in the direction of normal perception” 
after a perturbation or effectively coping with the new environment (1966). Using Rock’s 
simple definition, adaptation was observed in the present study regardless of latency 
condition. Adaptation was demonstrated by participants showing a reduction in 
symptoms with each exposure and improved task performance- closer to that of what 
they were experiencing when doing the same task without the HMD.  
 Contrasting Rock’s broad definition of adaptation, von Holst and Mittelstaedt’s 
(1950) reafference hypothesis of sensory adaptation was more elaborate and does not 
hold up as well with the results from the present work. The reafference hypothesis states 
that when people experience a perturbation and are able to learn to complete tasks 
normally, they form a new model of the psychomotor response needed (a reafference 
copy). This is demonstrated by people being able to do complex tasks, like ride a bicycle, 
while wearing goggles that cause a prism displacement of the visual field. However, in 
the present study people were not able to have their simulator sickness symptoms fully 
subside. Thus, it seems natural that they did not fully form a new “copy” of the sensory 
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information coming from the visual field displacement in the HMD. This does not mean 
it is not possible to show sensory adaptation to HMD latency, but that three exposures in 
this case did not yield “full adaptation” or removal of sickness symptoms indicating a 
new mental model. While helpful to consider Rock (1950) and von Holst and 
Mittelstaedt’s (1950) theories, neither of them were based on theories of motion sickness.  
 Reason and Brand (1975) proposed a three stage model of adaptation to motion 
sickness, where people show initial effects when experiencing a perturbation, get better 
with continued exposure, and then show aftereffects when returning to the normal 
environment. Reason and Brand also said that there are three variables that affect rate of 
adaptation- time between sessions, number of exposures, and length of each exposure. In 
the context of Reason and Brand’s model of adaptation, a potential explanation for the 
relatively high sickness scores after session 3 in the present study was that the continued 
exposure period in this experiment was not long enough or there were not enough 
exposures. In the current study, a reduction in symptoms was shown with each exposure, 
suggesting the duration and time between exposures was sufficient, but it is possible that 
the number of exposures was too few for full adaptation.  
While it was hypothesized that sensory adaptation would be observed in this 
study, there might be other explanations for the changes observed. Work by Welch and 
colleagues (1998) showed that people are able to suppress their vestibulo-ocular reflex 
when faced with a sensory rearrangement. In the present study, this is a plausible 
explanation for some of the results based on other strategies mentioned by participants, 
such as closing eyes when making a large head movement. However, it is unlikely this is 
the case with all participants, as many mentioned feeling dizzy after removing the HMD, 
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suggesting they were experiencing aftereffects from some adaptation to the environment. 
Other work by Welch and Warren (1980) reported that there are stimulus variables that 
affect magnitude of an intersensory conflict. In this line of work by Welch and Warren, 
the focus was on discrepancies between visual and auditory information, where people 
favored the information from one modality over the other. In the present experiment, 
because of the very visually demanding performance task, people may have focused more 
heavily on visual information as opposed to vestibular and proprioceptive as a means of 
resolving their sensory conflict.  
 Conditioned Response as an Alternative Explanation. A further explanation of 
the adaptation observed in this study regardless of latency condition is that the adaptation 
observed was not sensory adaptation but a conditioned response. Conditioned adaptation 
is one that arises from an awareness of the provocative stimulus and employing strategies 
to deal with that discrepancy. In a study by Kravitz and Yaffe (1972), participants 
showed behavior change immediately when donning prism goggles regardless of what 
the magnitude of visual shift was. Bingham and Romack (1999) described improvements 
resulting from multiple exposures as conditioned adaptation as well. Conditioned 
adaptation could be observed in this study via the decreased SSQ scores upon donning 
the HMD (pre-SSQ) and decreased overall sickness with each session, indicating that part 
of the change participants were experiencing was not from HMD use but expectation. 
Conditioned adaptation has been argued as more desirable- when people are able to 
quickly adjust for the sake of psychomotor performance, like that of wearing corrective 
lenses, as it does not require such extensive calibration each time the stimulus is 
experienced (Bingham & Romack, 1999). While there are benefits to performance that 
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come with this adaptation, it has not been extensively studied as it applies to motion 
sickening stimuli. 
 Dobie and May (1994) also argued that part of motion sickness was psychological 
and expectation driven like other conditioned responses. They hypothesized that much of 
motion sickness comes with anxiety and stress response to an uncomfortable 
environment. In particular, Dobie and May observed that people worried about the 
possibility of getting sick before experiencing any stimulus at all, especially when 
someone has a history of motion sickness. The pre-HMD SSQ scores dramatic change 
from session 1 to session 3 support Dobie and May’s hypothesis. Two participants noted 
their awareness of having a conditioned response. To illustrate this, one said,  “I think I 
definitely got less sick each time. I came in expecting to be nauseous, when I got to 4th 
floor Brackett I started to get nauseous. Monday I didn't have that. Wednesday I had less 
aftereffects, and they lasted for a shorter time”- this highlights the complexity of their 
awareness of sickness. This participant felt like they were going to be very sick just by 
coming to the lab, but was surprised when they had a reduction in symptoms. This 
conditioned response suggests there might have been some physiological adaptation for 
this individual, separate from their expected experience. Another participant noted a shift 
in their symptoms, saying “I felt worse [in session 3]; on previous days it was much more 
stomach related, but today more head related; I felt more ‘conscious’ last day -- clearer 
head more focused; was more focused on targets than sickness -- it was a distraction”. 
This quote highlights that while some symptoms might go away, others can arise. With 
that said, others still felt like they adapted, with one saying, “The third day was easier- I 
felt more used to looking through goggles, it felt more natural.” Overall, the subjective 
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experience of adaptation differed across individuals- some people felt as though they 
adapted while others did not. Further, expectation likely plays a role and some people 
may experience a shift in symptoms as they adapt to one part of the experience. 
 
Limitations and Future Directions 
 The core premise of this work is that people get sicker when exposed to varying 
latency than a constant latency in a HMD (St. Pierre, et. al., 2015). However, both Wilson 
(2016) and the current study have been unable to confirm this premise. There has been 
significant methodological changes since St. Pierre et al’s (2015). Kinsella and 
colleagues (2016) used the same methodology, her study only used varying latencies, 
which did not include a constant latency condition for comparison. Wilson’s (2016) study  
compared constant and varying latencies, but introduced a performance task for the first 
time. His introduction of the performance task, also used in this study, made it possible 
that participants were required to change their movement. In prior studies using this 
paradigm (e.g. St. Pierre et al., 2015; Kinsella et al., 2016), participants used a handrail 
which made it hard to move their torsos or hips to locate targets. However, in Wilson 
(2016) and the current study, participants had less restricted movement with no handrail. 
It is plausible that the effect of varying latency may be more prominent when participants 
have restricted movement or the effect was masked by a performance task.  
 Further, the display used in all of these studies has been aging throughout this 
process. While the same code, computer, and apparatus have been used in these studies, it 
is possible there has been image quality degradation that is interfering with the desired 
latency manipulation. Kinsella’s (2018) study, which showed significant adaptation, 
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involved a new camera, as mentioned earlier, and no latency manipulation. To further 
validate these conflicting results, a replication of St. Pierre and colleagues’ initial finding 
is needed to further examine if the effect was unusual or the present results could be from 
other factors.  
 Another possible explanation for the contrast between this study and the initial St. 
Pierre and colleagues (2015) study was the screening procedure used. As the focus in the 
present study was on adaptation, only individuals who had a certain level of sickness 
were included. St. Pierre et al. (2015), Kinsella et al. (2016) and Wilson (2016) did not 
screen out participants based on a sickness threshold. In the present study, participants 
were randomly assigned to either varying or constant latency prior to completing session 
1, which yielded unequal history and susceptibility to sickness, as shown in Figure 3.2. 
The group in the constant latency condition had a higher history and susceptibility to 
sickness than the varying latency group. It may be possible that a difference in adaptation 
was masked by the specific sample used and their difference in tolerance for motion 
sickening stimuli. If this is the case, participants who met the screening criteria in the 
varying condition may not have met the criteria if they were exposed to constant latency. 
This could be addressed in future studies by adding a separate screening condition. We 
chose not to do so to ensure participants were only exposed to their specified latency 
condition and had the same exact pattern of exposures. A future study could have a 
screening day with a common stimulus, followed by a break to eliminate any effects from 
the initial exposure, and then balance varying and constant latency conditions for sex, 
history, and susceptibility to sickness.  
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 The major limitation of this work is the nature of the stimulus being less 
noticeable when the participant stays still, which is necessitated by the target-shooting 
task. Participants were observed making a movement then pausing to stabilize before 
shooting the targets. When participants moved their head across the room, they had 
multiple sensory inputs as initiated a movement- their proprioceptive inputs telling them 
they are moving, the rotation detected by the vestibular system, and visual cues to 
motion. As the display was programmed to lag behind, the participant stopped moving as 
they spotted a target then it took a period for the visual field to stop moving. This 
introduced the sensory conflict. As the participant stayed stationary as they aimed for the 
target, the manipulated latency was only noticeable with a slight flicker, which does not 
yield a sensory conflict as there were no new proprioceptive or vestibular inputs. This 
move-then-wait strategy was captured in experimenter memos, which showed a trend in 
people adopting strategies to get better at the task along with reducing sickness. One said, 
“I started focusing on the task as much as possible as opposed to symptoms; I would my 
move head as little or slow as possible just get the laser in my periphery”, this also 
supports the idea that the task can be a distraction in this paradigm, as opposed to 
facilitating adaptation. Several participants were observed doing things like holding the 
laser down to track it across the room, and then waiting to pulse it until they reached the 
target. Participants were generally aware of the lag in the HMD so they would move their 
head, wait for the picture to stabilize, and then hone in on the target. This limits the 
understanding of the causal mechanisms between the sickness-performance relationship. 
There continues to be challenges to studying the relationship between motion sickness 
and performance in laboratory settings.  
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 Although three exposures separated by 48 hours was deemed a plausible pattern 
of adaptation by Kinsella (2018), this was not enough to fully understand the extent 
someone can potentially adapt. More time would be required to get a deeper 
understanding of the variability in time to full adaptation if at all. A future study could 
follow that of Hu and Hui (1997) and have participants continue every two days until 
symptoms subside. Hu and Hui had had participants experience the same stimulus until 
they no longer felt nauseous, tracking the number of exposures until symptoms subsided 
for each individual. In order to better understand adaptation in HMDs, it may be 
necessary to follow this model as opposed to the three session pattern in the current study 
and Kinsella’s (2018) example.  
 While it has been discussed that people identified coping strategies that might 
have impacted their sickness reports in particular, which limits conclusions about 
sickness adaptation, it provides a broader perspective on how people might act in a more 
ecologically valid scenario. In particular, participants were asked if they employed any 
coping strategies to distract themselves from boredom or help alleviate sickness. Several 
people mentioned that they closed their eyes or were observed doing so by the research 
assistants. One said, “I would close my eyes and then open them again for across the 
room ones, I noticed it made me feel better. I also closed my eyes during the survey 
because I felt dizzy with my eyes open” saying that they closed their eyes when the targets 
involved a large head movement or they were still. Participants noted this idea came from 
the SSQ question that asked them to rate how dizzy they felt with their eyes closed. 
Another strategy used was to slow or reduce movement, and on the opposite end, one 
even mentioned they sped up their movements to “get it over with”.  One participant 
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noted “I kept having to tell myself to focus- I kept thinking about ways to feel less sick-
loosen up, slow breathing, and tried to turn my body more instead of just my head”, 
following other known strategies for reducing motion sickness (Shupak & Gordon, 
2006). Should people be sick and have to cope in a VR training environment or game, 
they will likely employ said strategies as well. 
 Further research could investigate how feedback from a task and sickness are 
related in other settings. In particular, this could be done in VR like that of Hartman’s 
(2018) study mentioned earlier in the discussion. Her study used a similar paradigm in a 
virtual environment. Given a longer exposure time in that environment and a specific 
latency manipulation, that could help understand how performance and sickness are 
related in virtual environments. Further data from task performance could be used to 
supplement this, such as recording how many times participants attempted to hit a target 
before being successful and the severity of initial targeting errors (how far from the target 
they begin). 
 To better understand the relationship between adaptation and conditioning, 
physiological measures could provide further insights. Gastric activity, specifically 
tachygastria in an electrogastrogram signal, has been correlated with sickness symptoms 
and offers another way to operationalize motion sickness (Hu et al., 1991). Tachygastria 
is characterized by a shift to more frequent cycling of the stomach, typically from 3 
cycles per minute to 4-9 cycles per minute characteristic of nausea. Using a pre-HMD 
baseline of gastric activity and measuring changes between sessions could help control 
for changes in sickness experience based on expectation as opposed to HMD wear. 
Additionally, an anxiety based questionnaire could be used to assess pre-session anxiety 
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during each trial. This would provide context for stress and expectation participants are 
experiencing at each session. Overall, the data from this experiment suggests that 
people’s expectations play a role in their sickness but do not necessitate symptoms. 
Research is needed to better understand if people are showing a reduction in symptoms 
via conditioned experience with the same stimuli or truly showing less sensitivity to a 
sickening stimulus. Gastric activity, combined with subjective responses or performance 
data could be used to provide a more multidimensional look at sickness adaptation.  
Another future direction of this work is to study adaptation to constant or varying 
stimuli in another type of sickening environment. To better study this on a basic level, an 
optokinetic drum or rotating chair may serve as a better stimulus as it is easier to enact 
experimental control. Unlike the HMD, a rotating chair or pattern in a drum allows for 
continuous stimulus presentation. With this sort of set up, motion sickness can be elicited 
via visual or vestibular stimulation. A potential study would be to have rotating chair that 
moves at a constant or varying speed and examining adaptation to that stimulus. A 
blindfold and headphones can be used to isolate the sensory information given to the 
participant and braces could be used to restrict head movement. The rotating stimulus 
would be present throughout the duration of exposure, which addresses the limitation of 
our HMD paradigm mentioned earlier. To understand adaptation to varying or constants 
on a basic level, this provides a more clear causal relationship. In the HMD, visual 
discomfort, weight, and other computer based challenges may interfere, where in a drum, 
it is possible to approach adaptation from a more basic level. However, as HMD 
proliferation continues, more work is needed to understand how much of the relationship 
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This study provides insight into potential challenges with HMD-based training 
paradigms. In this case, people showed simulator sickness symptoms upon wearing the 
HMD regardless of latency condition. Those who have sickness on the first day will 
likely show some reduction, but not full adaptation when performing a task in three 
exposures. Task improvement can occur independent of a participants motion sickness 
symptoms, so a heuristic regarding someone’s task performance is not a sufficient way to 
determine whether or not the person is sick. The larger body of work on adaptation to 
motion sickness provides a very limited insight about what happens when people perform 
a task, which poses a challenge to apply that knowledge to VR.  It remains to be verified 

















































Motion Sickness History Questionnaire (MSHQ) 




This questionnaire is designed to determine:  
(a) how susceptible to motion sickness you are, and  




1. Indicate approximately how often you have traveled on each type of transportation by using 
one of the following numbers:  
  
0 = no experience  1 = fewer than 5 trips  2 = between 5 and 10 trips  3 = more than 10 trips 
  
    Cars_____      Ships_____  
    Buses_____      Swings_____  
    Trains_____     Amusement  
    Airplanes_____    Rides_____  
    Small Boats_____    Others (specify)_____  
  
Considering only those types of transport that you have marked 1, 2, or 3 (those that you have 
traveled on) go on to answer the two questions below. (Use the following letters to indicate the 
appropriate category of response):  
  
N = Never    R = Rarely    S = Sometimes   F =Frequently    A = Always 
  
2. How often did you feel sick while traveling? (i.e., queasy or nauseated?)  
    Cars_____      Ships_____  
    Buses_____      Swings_____  
    Trains_____     Amusement  
    Airplanes_____    Rides_____  
    Small Boats_____    Others (specify)_____  
  
3. How often were you actually sick while traveling? (i.e., vomiting?)  
    Cars_____      Ships_____  
    Buses_____      Swings_____  
    Trains_____     Amusement  
    Airplanes_____    Rides_____  




Motion Sickness Susceptibility Questionnaire-Short Form 
Motion sickness susceptibility questionnaire short-form (MSSQ-Short) 
 
This questionnaire is designed to find out how susceptible to motion sickness you are, and what sorts of motion are most effective in causing that sickness. 
Sickness here means feeling queasy or nauseated or actually vomiting 
Your childhood experience only (before 12 years of age), for each of the following types of transport or entertainment please indicate 
1. As a child (before age 12), how often you felt sick or nauseated (tick boxes) 
 
 
    
 
     
 
     
 
     
 
     
 
     
 
     
 
     
 
     
 
     
 
Your experience over the last 10 years (approximately), for each of the following types of transport or entertainment please indicate 
2. Over the last 10 years, how often you felt sick or nauseated (tick boxes) 
 
 
    
 
     
 
     
 
     
 
     
 
     
 
     
 
     
 
     
 
     
 




Simulator Sickness Questionnaire (SSQ) 
 
  




Directions:  Rate your experience of the following (i.e., right now I feel:)  
  
  
1. General discomfort (N,O)  None____Slight____Moderate____Severe____  
  
2. Fatigue  (O)    None____Slight____Moderate____Severe____  
  
3. Headache (O)    None____Slight____Moderate____Severe____  
  
4. Eyestrain (O)    None____Slight____Moderate____Severe____  
  
5. Difficulty focusing (O,D)  None____Slight____Moderate____Severe____  
  
6. Increased salivation (N)  None____Slight____Moderate____Severe____  
  
7. Sweating (N)    None____Slight____Moderate____Severe____  
  
8. Nausea  (N)    None____Slight____Moderate____Severe____  
  
9. Difficulty concentrating (N,O)  None____Slight____Moderate____Severe____  
  
10. Fullness of head (D)   None____Slight____Moderate____Severe____  
  
11. Blurred vision (O,D)   None____Slight____Moderate____Severe____  
  
12. Dizzy (eyes open) (D)   None____Slight____Moderate____Severe____  
  
13. Dizzy (eyes closed) (D)   None____Slight____Moderate____Severe____  
  
14. Vertigo (D)    None____Slight____Moderate____Severe____  
  
15. Stomach awareness (N)  None____Slight____Moderate____Severe____  
  




Motion Sickness Assessment Questionnaire (MSAQ) 
MSAQ Score Sheet 
Participant # ______________________     PRE  POST 
I felt sick to my stomach 
1——2——3——4——5——6——7——8——9 
I felt faint-like 
1——2——3——4——5——6——7——8——9 
I felt annoyed/irritated 
1——2——3——4——5——6——7——8——9 
I felt sweaty 
1——2——3——4——5——6——7——8——9 
I felt queasy 
1——2——3——4——5——6——7——8——9 
I felt lightheaded 
1——2——3——4——5——6——7——8——9 
I felt drowsy 
1——2——3——4——5——6——7——8——9 
I felt clammy/cold sweat 
1——2——3——4——5——6——7——8——9 
I felt disoriented 
1——2——3——4——5——6——7——8——9 
I felt tired/fatigued 
1——2——3——4——5——6——7——8——9 
I felt nauseated 
1——2——3——4——5——6——7——8——9 
I felt hot/warm 
1——2——3——4——5——6——7——8——9 
I felt dizzy 
1——2——3——4——5——6——7——8——9 
I felt like I was spinning 
1——2——3——4——5——6——7——8——9 
I felt as if I may vomit 
1——2——3——4——5——6——7——8——9 
I felt uneasy              




List of Targets 
 
  
Block # 1 H / M 1 Block # 2 H / M 2 Block # 3 H / M 3 Block # 4 H / M 4 Block # 5 H / M 5
Left Clock 1 Right Shelf 41 Left Fire 81 Right Fan 121 Left Flag 161
Right Cross 2 Left Scale 42 Left Scale 82 Left Flag 122 Right Cross 162
Right Shelf 3 Right Flag 43 Right Cross 83 Right Fan 123 Left Hall 163
Left Hall 4 Right Hall 44 Left Flag 84 Left Cross 124 Right Shelf 164
Right Fan 5 Right Cross 45 Right Cross 85 Left Fire 125 Left Hall 165
Left Fire 6 Right Fan 46 Left Clock 86 Left Flag 126 Right Fan 166
Right Hall 7 Left Scale 47 Right Fan 87 Right Cross 127 Left Cross 167
Right Fan 8 Right Fire 48 Right Shelf 88 Left Fire 128 Left Scale 168
Right Shelf 9 Left Scale 49 Left Fire 89 Right Shelf 129 Right Fan 169
Left Clock 10 Right Fan 50 Right Shelf 90 Left Flag 130 Left Scale 170
Right Flag 11 Left Cross 51 Left Scale 91 Right Fan 131 Right Fan 171
Left Scale 12 Left Clock 52 Right Hall 92 Left Flag 132 Left Hall 172
Right Fan 13 Right Shelf 53 Left Scale 93 Left Scale 133 Left Clock 173
Left Flag 14 Left Fire 54 Right Hall 94 Right Hall 134 Right Shelf 174
Left Scale 15 Right Cross 55 Right Fan 95 Right Fan 135 Left Fire 175
Right Shelf 16 Right Fan 56 Left Hall 96 Left Scale 136 Right Cross 176
Left Fire 17 Left Fire 57 Right Shelf 97 Right Fire 137 Left Fire 177
Right Cross 18 Left Scale 58 Left Fan 98 Right Hall 138 Right Fan 178
Left Fire 19 Right Hall 59 Left Flag 99 Right Fan 139 Left Hall 179
Right Fan 20 Left Fire 60 Right Shelf 100 Left Fire 140 Left Flag 180
Left Clock 21 Left Flag 61 Left Fan 101 Right Fan 141 Left Clock 181
Right Shelf 22 Left Scale 62 Left Fire 102 Left Fire 142 Right Cross 182
Left Clock 23 Right Fan 63 Right Shelf 103 Right Shelf 143 Right Shelf 183
Right Flag 24 Left Hall 64 Left Flag 104 Left Hall 144 Left Cross 184
Right Shelf 25 Left Clock 65 Left Scale 105 Left Flag 145 Left Clock 185
Left Fire 26 Right Fan 66 Right Fan 106 Right Fire 146 Right Fan 186
Left Flag 27 Left Hall 67 Left Hall 107 Left Scale 147 Left Scale 187
Right Fan 28 Left Flag 68 Left Clock 108 Right Hall 148 Right Fan 188
Left Hall 29 Right Shelf 69 Right Cross 109 Left Scale 149 Left Cross 189
Left Fire 30 Left Fire 70 Left Scale 110 Right Hall 150 Left Flag 190
Right Hall 31 Right Cross 71 Right Fan 111 Right Fan 151 Left Clock 191
Right Shelf 32 Right Shelf 72 Left Hall 112 Left Fire 152 Right Fire 192
Left Hall 33 Left Clock 73 Right Shelf 113 Right Fan 153 Right Cross 193
Left Clock 34 Right Hall 74 Left Clock 114 Left Cross 154 Left Flag 194
Right Shelf 35 Right Cross 75 Right Hall 115 Left Clock 155 Left Clock 195
Left Fire 36 Right Shelf 76 Right Shelf 116 Right Fan 156 Right Hall 196
Left Scale 37 Left Fire 77 Left Clock 117 Right Shelf 157 Right Shelf 197
Right Flag 38 Right Cross 78 Right Flag 118 Left Cross 158 Left Cross 198
Right Fan 39 Right Shelf 79 Right Shelf 119 Left Flag 159 Left Clock 199





[Welcome participant into the lab and ask them to have a seat at the table.  
 
Ask the participant to read and sign the IRB approved consent form.  Have them initial 
the front page and sign the back page.  After they sign make sure they do not have any 
questions or concerns about the form.   
 
Instruct participant to complete the screening questionnaire and the MSSQ-Short. Before 
reading, tell participant you will be reading from a script, but they can interrupt you at 
any time if they have questions.] 
 
“Thank you for coming in today.  This is a three part study.  Today is part 1 of the 
experiment. There are two more sessions, but only individuals who are eligible for the 
study will be asked to continue to parts 2 and 3. At the end of this session I will tell you 
what criteria I used for eligibility and whether or not you will continue. However, you 
will get paid for each day that you come in, so you will get paid for today regardless of 
whether you pass the screening or not.  If you are able to participate in the following two 
sessions you will be compensated at the end of each session. 
 
Now I’m going to give you a brief overview of what we will be doing today.  This 
experiment will involve you wearing a head mounted display (HMD) with a camera 
mounted on the top.   
 
[Point to HMD so participant knows what you are talking about.]   
 
You will wear the HMD for around 20 minutes. Because of the camera, you will see the 
lab exactly as it is around you—it’s not actually a virtual environment.  While wearing 
the HMD you will be completing a target shooting task, which just means you’re going to 
make head movements to find different targets around the room.  You will be listening to 
a recording, and you will hear a direction left or right, and an object.  All you have to do 
is turn your head in that direction until you see the object.  The objects are “scale, clock, 
flag, fire, hall, cross, fan (sounds like fen), and shelf. A new object and direction will be 
said every 3 seconds.  Each direction will be relative to the object you just found, so you 
do not have to move your head back to center each time.  As these are said you’ll try to 
hit them with this laser pointer. I ask that you hold it either straight out or at your side 
like this (DEMO). You will have to pulse the laser to make the target light up/buzz. It 
will go pretty fast, so if you miss a target that’s okay, you can just move on to the next 
one.   
 
We will start with a 3 practice blocks so you can get the hang of it, then I will have you 
put on the HMD, then there will be 5 blocks of trials, each one lasting 2 minutes. To 
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make the amount of the room the same as what you can see in the HMD. Make sure they 
fit comfortably.  
 
*do practice no HMD* 
Now it is time to put the HMD on. The sliders on the side tighten it like a bicycle helmet. 
There is a crank on the top to adjust it up and down. There is a lever in the front to move 
it forward and back. When you feel like it is on comfortably and you can’t see outside of 
the eyecups, then you can use a crank on the side of the display to make it so you only 
see one image instead of 2 screens. Are you able to see all the targets?  
 
In between blocks we will take a short break and I will give you some surveys to assess 
how you are feeling.  During this time I just want you to look straight ahead and not 
move your head around.  You will still be wearing the HMD.   
 
There will be a total of 5 blocks, with a one minute break in between, so the total time in 
the system will be about 20 minutes.   
 
My goal is not to make you feel too uncomfortable, and if at any time you start to feel too 
uncomfortable, please let me know and we will stop right away.  
 
 
Thank you again for coming in today. You (did/did not) pass the screening 
 
Today I was screening using the questionnaire relating to the symptoms. The purpose of 
this study is to examine adaptation to motion sickness, so I am only including people who 
get sick enough for us to see a difference.  
 
I ask that you don’t talk about your participation in the study with anyone who might be 
in your psych class or another one getting credit. You can say it is an HMD study but I’d 
ask that you don’t talk about your experience with motion sickness as it varies by 
individual and I try to make sure everyone knows the same information about the study.  
 





Post Experiment Survey 
1. What do you think this study was about?  
 




When did you do this?  
 
3. Did you have anything different or unusual happen that may have impacted how you 
felt during any of the days of the study? (Examples: eat right before, upset stomach, lack 
of sleep) 
 
 If female- did you start or end your period at any point during this experiment?  
 
4. If you have previous experience with a virtual reality device, did you get motion sick 
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